Currently, swine building ventilation design is based on heat and moisture rates measured in the 1950s and 1970s. Advancements in genetics, nutrition and management practices to increase productivity and pork quality during this period likely have led to considerable changes in heat and moisture production rates of the animals and their housing systems. This study quantifies total heat production rate (THP), house-level moisture production rate (MP) and house-level sensible heat production rate (SHP) of a 4300-sow breeding, gestation, and farrowing facility in Iowa for 17 consecutive months. THP was determined using indirect animal calorimetry, MP was determined from mass balance, and SHP was calculated as the difference between THP and latent heat production (LHP). A Mobile Air Emission Monitoring Unit (MAEMU) was installed to monitor the deep-pit breeding-early gestation barn (1800 head), the deep-pit late gestation barn (1800 head), and two shallow-pit (pull-plug) farrowing rooms (40 head 
Introduction
With the majority of swine production, especially the breeding, gestation, and farrowing stages occurring indoors, it is critical to maintain an optimal indoor environment for the pigs to minimize stress and maximize production. Of all the systems used to maintain the desired indoor environment, the ventilation system has the largest impact. This places a high level of importance on having a properly designed ventilation system. While ventilation systems in livestock barns provide control of indoor air quality for gas concentrations, most systems are designed based on the heat production rates of the animals housed in the structure. Therefore, it is critical to have accurate values for both the total heat production rates (THP) and moisture production rates (MP). When the current ASABE standards are examined, however, the THP and MP rates used are from studies in the 1950s and 1970s (Bond et. al 1959 and Ota et. al 1975) . With the changes since those studies in genetics, nutrition/feeding, and production methods (Brown-Brandl et. al 2004) , it is prudent to update the THP and MP rates for swine and their housing systems under modern production practices. The new THP and MP rates can also then be used to update common design resources such as the Midwest Plan Service Structures and Environment Handbook and the CIGR Handbook on Climatization of Animal Houses.
Therefore, the objective of this study was to quantify the total heat production rate (THP) and its partitioning into house-level moisture production rate (MP) and house-level sensible heat production rate (SHP) for a Midwestern swine breeding/gestation/farrowing facility. Seventeen months of data collection was completed from February 2012 through early June 2013.
Materials and Methods

Site Description and Instrumentation
A 4300-sow capacity breeding/gestation/farrowing facility in central Iowa was used in this monitoring study. A full description of the facility and instrumentation can be found in Stinn et al. (2011) . In brief, the facility consisted of two farrowing buildings with 9 farrowing rooms each, a breeding/early gestation barn, a late gestation barn, and an external manure storage vat for the farrowing facility. Two farrowing rooms, designated as Room F1 and Room F2, were selected to be monitored. The farrowing rooms were each 15.5m x 13.9m (51ft x 45.5ft) with a shallow-manure pit system (0.61m deep) that was flushed out after every turn (approx. 21 days). Figure 1 shows the monitoring system layout for the farrowing rooms. Each room's exhaust air was sampled identically, with one composite sample from the shallow-pit fans and one composite sample from the lowest stage wall fans.
The breeding/early gestation barn and the late gestation barn, designated as Barns B/EG and LG, respectively, had the same dimensions, ventilation design, and 1800-head capacity each. The barns had dimensions of 121.9m x 30.5m (400ft x 100ft) each and used mechanical ventilation year-round.
Each barn had a deep manure pit (3.05 m) and the manure was pumped out semi-annually, in the fall and spring. Figure 2 shows the monitoring system layout for the B/EG and LG Barns. Exhaust air samples from each barn were drawn as a composite from four of the lowest ventilation stage pit fans with a second sample from the lowest stage endwall fans.
A Mobile Air Emissions Monitoring Unit (MAEMU) was used to continuously collect data on gaseous concentrations, thermal conditions and operational status of the ventilation fans from the previously described barns and farrowing rooms. A detailed description of the MAEMU and its operational protocols can be found in Moody et al. (2008) . The MAEMU housed, among other measurement and data acquisition equipment, a photoacoustic multi-gas analyzer (INNOVA Model 1412, INNOVA AirTech Instruments A/S, Ballerup Denmark) to measure CO 2 concentrations and dew point, and a paramagnetic gas analyzer (model 755A, Rosemount Analytical, Irvine, California, USA) to measure O 2 concentrations ( Figure 3 ). The analyzers were challenged weekly with calibration gasses and recalibrated as needed.
Air samples were drawn from the 8 in-house locations and 1 outside location to provide ambient background data. Samples were drawn from each in-house location every 64 min (8 min per location) with the outside air being sampled every two hours for 8 min to allow for O 2 analyzer stabilization. The outside sample location can be seen in Figure 2 on the north side of the LG Barn. Pit fan sampling ports were located below the slats/floor in the deep-pit head space directly under each pit fan in the pump out accesses. Wall fan sampling ports were located approximately 1.0 m (3.28 ft) in front of each wall fan. The sample port locations were chosen to best represent the exhaust air leaving each barn/room. The MAEMU utilized a positive-pressure gas sampling system ( Figure 4 ) to minimize potential infusion of unwanted air to the sample line. All pumps and heated sample lines were checked weekly for leaks and blockages. The ventilation fans were calibrated in situ at multiple operating points to develop a performance curve for each fan using a Fan Assessment Numeration System (FANS) . The on/off status of each fan was monitored continuously by an inductive current switch on the each fan motor's power cord (Muhlbauer et al., 2011) with its analog output connected to the data acquisition system. The speed of the variable speed fans was measured by Hall Effect speed sensors (GS100701, Cherry Corp, Pleasant Prairie, WI). Static pressure sensors (Model 264, Setra, Boxborough, Massachusetts, USA) were located near the south wall of each farrowing room and near the middle of the north and south walls in the B/EG and LG Barns.
The sows were fed a corn/soy diet that was adjusted based on production stage. For gestating sows, the ration had a metabolic energy (ME) content of 640 kcal/kg and a crude protein (CP) content of 21.04%. Gestating sows were fed once per day (around 7am). Gestating sows with body condition score 1 (skinniest sows) were fed 4.5 kg per day and condition score 3 sows (heaviest) were fed 1.8 kg per day. Condition 2 sows were fed 2.3 to 3.2 kg of feed per day depending on gestation status. Once the gestating sows were moved to the farrowing rooms approximately 4 days pre-farrowing, they were provided with 1.8 kg per day until farrowing. For lactating sows (post farrowing) ME content was 677 kcal/kg and CP content was 21.14%. Lactating sows were fed four times per day with each feeding at up to 3.6 kg for a maximum daily feed intake of 14.5 kg.
Determination of THP, House-Level MP and House-Level SHP
THP of the pigs was determined using the indirect calorimetry technique. Namely, THP is related to O 2 consumption and CO 2 production using the following relationship (Brouwer, 1965) :
Where THP=total heat production rate of the pigs in the building, W The house-level MP, which includes latent heat of the pigs and moisture evaporation from manure or spilled water, was calculated from a mass-balance equation: The house-level SHP was calculated as the difference between THP and the house-level latent heat production rate (LHP): * * 1000
Where SHP=sensible heat production rate at barn or room level, W h fg =latent heat of vaporization for water, 2427 J g The magnitudes of heat and moisture production rates calculated in the above equations are for the entire barn or room. The population of animals in the monitored barns and rooms was recorded by the farm staff and used to express the heat and moisture production rates on a per sow or per (sow + litter) basis.
Results and Discussion
The data presented in this paper were collected from February 11, 2012 to June 3, 2013 and are considered preliminary. Due to instrument/system repairs, calibrations, etc., the B/EG barn had 229 days of good data, the LG barn had 232 days, room F1 had 279 days, and room F2 had 324 days. Figure 5 shows the average daily ventilation rate versus the average daily ambient temperature over the monitoring period. Figure 6 shows the average daily THP measured in the (a) gestation barns and (b) farrowing rooms on a Watt per sow or per sow and litter basis. The THP values are plotted versus the temperature in the barn or room. In Figure 6a we can see the characteristic "V" shape of the THP caused by an increase in sensible heat production as the temperature drops below thermoneutral conditions and latent heat production increases above the thermoneutral temperature range. Figure 6b does not show this pattern as the temperature range in the farrowing rooms was much narrower than in the gestation barns. Rather, there is a trend that THP of the sow and litter linearly increases with decrease in room temperature from 25ºC to 20ºC. However, caution should be taken in attributing the THP increase to lower room temperature only, as the decreasing temperature may coincide with growing or age of the piglets which by itself will bring about inevitable increase in THP, as discussed below. Figure 7a an increase in MP with temperatures above 23°C is observed, as expected. However, this increase is not observed in Figure 7b with the farrowing rooms. This is likely due to the low density of sows per room compared to the density of pre-wean piglets that have a higher thermoneutral range. One challenging aspect of this study is accounting for the rapidly growing pre-wean piglets in the farrowing rooms. As shown in Figure 8 , the THP increases over the course of the farrowing turn as the piglets gain weight. The piglet growth curves are being developed as a part of a separate project and will be utilized in the upcoming further analysis to convert HP rates to an animal unit (500 kg live body weight) basis. Table 2 along with the current design values (MWPS, 1983) . As the table shows, this increases in THP, MP and SHP for gestating sows of 55%, 20%, and 58%. The increases for THP, MP, and SHP of lactating sows and litters are even higher, i.e., 85%, 64%, and 80%, respectively. 
Conclusions
The results of this study indicate that heat and moisture production rates of gestating sows and lactating sows with their litters have increased significantly (>50% for THP and SHP, 20% and 64% for MP) over the current heat production standards employed in ventilation system design. The lactating sows and litters showed the highest increase in THP and house-level MP. These results indicate that updating the ASABE standards for modern swine heat production values is warranted to improve the ventilation system design. The project concluded in early June 2013 and final data processing is ongoing.
